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INTRODUCTION 

This r epor t  is presented i n  p a r t i a l  f u l f i l h e a t  oi the reqdremnta of 

paragraph 5.1 of Exhibit E of Contract No. NAS 9-1100 and contains the 

natural and fnduced environments to be used f o r  the design of the LET, 

and its equipment. 
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1. General 

1.1 
t o  neet t h e  general  cri teria and environmental conditions here in  as well as 

Recpi rments  - The L E  and i t s  subsystems shall be designed 

t h e  p a r t i c u l a r  mission requirements as set f o r t h  i n  the  detail specif icat ions.  

Design procedures s h a l l  be conducted i n  accordance with recognized rational 
pr inc ip l e s  k i t h i n  t h e  following fhmework. 

1.1.1 
produce reliable e q c i m e n t  fo r  the 1-r landins  mission. 
accmgl ished  by ana lys i s  an6 t e s t  of the f a i l u r e  modes f o r  each i t e m  of 
e q u i p e n t  during the design develognent. 
is  the abilitjr t o  pred ic t ,  accurstely,  nDt only t h e  type, o r  mae, of failure 
but  the stress l e v e l  a t  which it o c m s .  
60 hand-in-hand so  that the  e f e s t  of c h a w i G  deslgxi features on the failure 
modes w i l l  be p r t  of the  design trade-off e z l u a t i o n s  and the  r e l i a b i l i t y  
asses s e n t .  

Ik s i cn  - The gurpose of t he  e n t i r e  design and t e s t  e f f o r t  i s  t o  
This purpose is . 

The object ive of t h i s  failure analysi 

The design and failure analyses must 

St re s s  l e v e l ,  as used here, Ilieans the  in t ens r ty  of ariy parameter, such as 
pressure,  voltage,  t m p e r a t u r e ,  e t c .  vhich a f f e c t s  t h e  a b i l i t y  of the eqcip- 
ment t o  p e r f o m  i t s  design flmction. These parane tem cons is t  of both the  
enviromental conditions inqosed 011 the  ewi-ent ard t h e  self-imiuced condi- 
t i ons  due t o  operating t h e  equipment f o r  t h e  design n i s s ion  time. O p e r a t i n g  
t h e  ( o r  nmber  of cyc les )  should z lso be considered as a c r i t e r i a  xwiab le .  
!The n2tural and induced en:-iromer,ts given i n  t h i s  repor t  sre the maximum 
?ev'els t.hstr. czn be eYJect,ed t o  occur i n  any LE.! n iss ion.  Bi t iona l  combina- 
t i ons  o f ,  these  en-Jiro,mental and self-in&uced cx2i::xxi must be considered i n  
the  design of each item of equipaent. 

The f a c t o r  of safet;., that is, the r a t i o  of the a l l o i n t l e  stress t o  the  
design stress, mst be Eelected 53 tht the  l ikel ihood of f a i l u r e  under the 
mexbum mission level s t rescec  is ecce2tabl-y r e m t e .  
f a i l u r e  i s  due, i n  part t o  t he  of d i s t r i b u t i o n  cf s t renz th  avaikble; 
t h i s  range being due t o  mater ia l  and construct ional  var ia t ions  frm one part 
t o  m o t h e r .  This l ikel ihood,  expressed as a p m b a b i l i t y ,  leads t o  t'ne nun- 
e r i c a 1  r e l i z b i l i t y  of the itm of equiment  under consideraticc.  

%e likelihood of 

1.1.2 Tests - The deve lopen t  tes t  p r o g m  %?ports t he  design e f f o r t  by 
pro;eding design data, aiding i n  m t e r 5 a 1 ,  c u s o n e n t  and part  se lec t ion ,  
verif'ying design concepts and sa fe ty  factors, substant ia t i rs ,  design assmg- 
t i o n s  frm breadboard t o  design f reeze ,  evalcsting env i romen ta l  e f f e c t s  and 
detemlc' ing fa;lure m d e s  and o p e r a t i n g  cha rac t e r i s t i c s  uilder o f f  -design condi. 
t i o m .  3 e s e  tests shmld l x a t e  such c r i t i c a l  featues a s  vibratory reso- 
nances, i n t e rmi t t en t  operation and other  non-linear a n n s l i e s  indicative of 
potent ia l  veakness o r  malfunction as -mil as the effects of b t e r a c k i o n  be- 
t;.-een enviromen.ta1 and o_peratimal parmeters. 



PAGE 5 

A s  an i n t e g r a l  p a r t  of the  development t e s t  program, cve r s t r e s s  tes ts  
J,KL~ be err;rloyed t o  obtain f a i ~ i i r p  m o d e  e - rd /g r  szfet;. z.,ar@s xklch e x i s t  
i n  t he  f l i g h t  weight design. 
da t a ,  xus t  provide information which gives us a xneas1a-e of the u n i t  t o  unit 
varizkCL5ty of s t rength .  

These t e s t s ,  in combination with background 

Tke sig:iiflcer.ce or^ t h e  overs t ress  t e s t s  xi11 -be I c c r e a s c S  h;' sfressini ;  
the ecuipmect TO f a i l u r e  a f t e r  expcsing i': t o  se lec ted  niissior, envirorments 
of the operacii;g c j -ck .  
a l l  c r i t i c a l  er.virorJr,ents ar.d loads due t o  g o u r d  ar,d f l i g h t  operat ion.  

These selecteci z i s s ion  e:!;riivrLTents w i l l  include 
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1.1.3 
begin ailring the fiesign ana lys i s  when the  c r i t i c a l  c h a r a c t e r i s t i c s  of the  
equipment be c m e  s apparent.  Thought shou 16 be 
glveri a t  t h i s  earljr stage,  t o  non-destructive t=sLsl inspec t ions  o r  oper- 
a t i o n a l  procedures which will give neaningful  in forxa t ion  cn the presrii2e 
or l ack  of adeqxate s t rength  o r  operat ional  capabi1it;T. These concepts should 
be checked during the  foregoing t e s t i n g  t o  provide the  necessary assurance 
t h a t  t he  objec t ives  of t h e  acceptance t e s t s  will be a t t a ined .  This prelim- 
inz rz -  set of azceptance test  requirements must ke complete before  equipment 
qua l i f ica t ior ,  s ince equipment must be "accepted" before it can be "qualified".  

Acceptance Tes ts  - The planning f o r  the acceptance tests should 

The eventual  purpose of t n e  acceptance tes ts  is t o  shew t h a t  t h e  equip- 
ment i s  representa t ive  of .and t h e  performance i s  eq-aivalect t o  the  equipment 
used i n  Tdal i f ica t ion  tests.  

1.1.4 
demcst rane  t i x t  ;Le e q E i p e n t  - . . J i l l  m e t  t h e  desigr, requirernects axd has the 
5csigi-i s d e t y  f ac to r .  

C:-:.alifisition Tests - The qx.lir ' iaation tests should be planned t o  ____ 

P- h e  q u a l i f i c a t i o r  eo_.,ipnent, tiierefore . n ~ i l l  go thrc: gh t he  fo i lov ing  
t e s t  phases: 

1. The f i r s t  phase will cons is t  of the acceptance t e s t s  derived from 
vL Ic  _ _  vL~L,pi~!~~i~.. ttr"I"ori ment.ior.ei above. +-ec A ? . - ?  ,.---- 



I 

i 

1.2 R e l i a b i l i t y  - The nature of t h e  lunar l a d i n g  mission requires that 
crew safety be achieved through overa l l  r e l i a b i l i t j r  rather than through t h e  
use of escape systems. Therefore, a t t a i m e n t  of t he  maximum mission relia- 
b i l i t y  and c r e w  safety s & l l  be the Eost LTFortant s ing le  consideration i n  
t h e  design, construction, kranuing aad operation of the lZ4. 

For the LETI, t h e  probabi l i ty  goal f o r  accomplishing the  mission object ives  
shall be 0.98+. 
shall have been subjected t o  conditions more severe than  the  emercency limits 
set f o r t h  i n  t h e  crew requirements s e c t i m  shall be 0.9995. 

vehicle  and spacecraft environments as vel1 as ground coq lex  r e l i a b i l i t y  
but excluding consideration of radiat ion,  meteoroid Lmpact snd launch vehicle 
o r  C0mxm-d and Service I4odule oFerationa1 r e l i a b i l i t y .  

1 .3  
design such t h a t  adran"age can be h k e n  of advances i n  technology. 

For the  L B I ,  t h e  p r o h b i l i t y  g m l  t h a t  none of t h e  wemen 

m e s e  r e l i a b i l i t y  goals are ti be m t  including the effects of launch 

Advances i n  Technology - Flex ib i l i t y  s h l l  be incorporated i n t o  the 
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2. Perfomance 

2 .1  
so t h a t  t h e  g r e a t e s t  ove ra l l  desigr? e f f ic iency  i s  achieved within the  gen- 
eral  c r i t e r i a  s t a t e d  here in .  The spec i f i c  Eargins s t a t ed  below a r e  der ived 
from r a t i o n a l  consideration of past md ant ic ipa ted  opera t iona l  experience. 
They are t o  be =sed as design c r i t e r i a  i l n t i l  experience jzs t i f ies  modification. 

2.1.1 
g i n s  of sa fe ty .  
limit load  conditions.  

Margins - Rational  marcins s h a l l  be use5 for sys t e r s  and components 

'- Design Ma,rgin - A l l  LEN systems s h a l l  be designed t o  p o s i t i v e  m a r -  
Xo sj-stem s h a l l  be designed inca?abie of fuaci loniag a t  

2.2 Criteria 

c .F .1  
i ng  cabin repressLrizat ions Zrom the  Conzand K o d L e  r e p r e x s u i z a t i o n  system. 
The UBI repressur iza t ion  system s h a l l  be designed for a continuous l eak  
r a t e  as high as 0.2 lbs .  per  how. 

- 
wc---rp->7%.7 --0+4,-..- n-".>:.-=---- 

Ia...dI;LOUAVLl K ~ . , ~ I ~ L . s L ~ ~ s  - irie 7 G b :  s'i;all be cay.EPle of receiv- n 

,-. 
2 .2 .2  TTE cum! Operstion of Ccbin EqAipent  - Zqxiprcent which i s  n o n a l l y  
nnerat,ed i n  the  Dressurized rabir! e m i r c ? ~ - ? - e r t  s k l l  %e designec to func t ion  

I 

GRUbAMAH A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 26512 
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Design Criteria 3- . 

3.1 General 

3.1.1 
s h a l l  be designed such t h a t  g m e r s l  m d i f i c e t i o n s  t o  the LEM module or its 
s u b ~ y ~ t e m ~  do not propogate thrmgh the other nodules of 'the kpollo space- 
craft . 

I s o l a t i a n  of' Mcdif ica t ims  - The E31 and i t s  component subsystems 

3 -2 

3.2.1 Design Fac to r s  

3.2 s.1 Purpose and Defini t ion of Shfety Factors  - The l e v e l  of structural  
s t r eng th  and s t i f f n e s s  i s  es tab l i shed  bLr the ?andi t ions of 3.3, 3.4 and 4.0 
i n  addi t ion  t o  spec i f i c  losdings appl icable  t o  p a r t i c u l a r  su'l;systems. Such 
loads, ca l l ed  lidt losds,  are conservatively se lec ted  t o  represent  the m3x- 
imum range of severity expected on the  lunes mission. Rat iona i  ai1owFLnccs 
shall be PA& an2 incczporated i n  these loads f o r  stress c o n c e n t r a t i o n s , f a t i g ~  
therm1 stressu; 2nd dpernic  response. 
these  limit loads t o  provide pxr :au t i -ms  against  unknown de f i c i enc ie s  i n  
s t r eng tb  as vel1 as against e x c e s s i w l y  severe Icadi rgs ,  In order t o  k e p  
the  probabi l i ty  of failure within the Recessary l i n i t s .  

S t r u c t u r a l  Requiremnts  For LEN ?L LET.; I t e m s  * 

Factors  of sa fe ty  are mul t ip l ied  by 

U l t i m a t e  Factor - A t  l init  load * t i x e  the  u l t f r s i t e  i ' ec tor  of 
s e f e t y  the= shall be no f a i l u r e  of s r r w t x r a l  reE?ers. The u l t i m t e  f E c t T r  

s h a l l  be not less than 1.5 applied t o  l i m i t  loads.  ??.,is v d u e  may be re- 
duced t o  1.35 for special cases, not involving p r e c s z e  i-esseis, upon 
r a t i o c a l  analysis and with MZC approval. 

Yield Fac tor  - A t  l i m i t  Lc& %% t i res  the y i e l d  facto:- of safe ty  
the re  s h a l l  be no pernanent defcrmstion cr t c t a l  deformation k7hich uould 
prevent prf 'omance of t h e  mission. The yield fac tor ,  appl ied t o  l i m i t  
loads is nominally 1.35, but nay be es low a6 1.0 for d u c t i l e  materials and 
not involving pressure vessels and Feed r.ct exceed 1.5.  

3.2.I.2 Pressure Vessel F a c t w s  - ??he d e s i g n  of' pressure ves se i s  
shall be based on two ana ly t i cz l  ccns iaera t icns .  v,'hen e x t e r n s l  l o d s  ere 
appl ied i n  conbination with pressure, the f a c t c r e  of 3.2.1.1 above, w i l l  
apply. Vhen pressure i s  appliec? a6 e s5rgLlzr l-d, the f a c t o r s  of 
3.2.1.2.1 ard 3.2.1.2.2 below, w i l l  apply. 

*)t Cordiried l o a d i q s ,  acce le ra t ion ,  px-z:,ure, v ib ra t lons  e t c ,  h a i l  con- 
siclixred. 
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3 3 Fl i ch t L3ad s 

3.3.1 Launch Vehicle 

3.3.1 e 1 Tezperature 

3.3.1.1.1 c-5 - h b i e n t  sea l e v e l  a i r  teapera ture  et AXR d u r i n g  l au rch  
tLre ~ l l l  vary betweer, +15"F. and 133°F. 
5 6 " ~ .  and 33°F. 

The m a t  1LPel:i ~ a n ~ c  is  bntI:een 



, 

i 

3e3.2.4. Dynamlc Loading 

3.3.2.4.1, Snsce ikmeuvers - Ihneuver accelerations iiw t o  Ecmice ;'rq?i*lsion 
S;stcm & S t a b i l i z a t i o n  ani Con%rol SJ stem are t is Iol lc lws t 

x Latera l  P i t ch  

- 

1 2  -=36 Q 2.337g *=.% Iia6.1 sec. 

3.3.2.4.2 repos i t ion ing  - me shock l o a ~ s  cur. t o  r q o s i t i o n i n t ;  aiter 
S -FIT3 bumout are : 

x L a t e r a l  PTtch 
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3.3.3.4. Dynanlc L & L q  

3.3.3.4.1 
a e r a t i o n  of the  main &scent engine and t h e  F e n c t i m  Control Systen, 
cant  loads ca lcu la ted  occur at separation, i n  e l l i p t i c a l  orbit, a t  start- of 
iiover ami j u s t  p r i o r  t o  tachdown. 
maximum t h r u s t  a t  any tThe Guring the 1331 seconc! eRgine duty tine. 

&scent fhnewers  - i,;nanic 1oaC.s dur in& descent are c ! i x  t o  the  
CTmifi- 

Acceleratioris are c a l c d a t e d  aszming 

Phase Ver t i ca l  Accel. L a t e r a l  Accel. Fac!/Sec * i a ( i / r e c  2 
e&!i g's e a r t h  E ' S  8-3 3ilt 3L3Ut 

- +. 132 +. 991 
+.1?3 - L l l i p t i c  G r 3 i - t  + .f-p - i-. 93c: 
7.41;e - - S t a r t  of Hover +- .TOT - -k .972E 

End of Hover + .8i5 - +.oi4 - +.&5 - +. ;&:> 
Transfer Orblt  ? (-1 0 0 

-7 .- x l r  I arL z Y an6 z 
- * A t  Separation + .368 - +. 017b 
+ . 3 p  
+ 1C.U 

i 

~ 

i 
I 
i 
I 

1 

I 
I 

! 

I 
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Package h t u r a l  Envimknents 

TeTperature 

A i r  t r a c s p s r t a t  b n :  -L5 tc 1~3°F f c r  8 hours. 

for 2 veeks. 
Unpackaged: -23 t o  11C)"F 
p = n  te,Iger?ture p l u s  
363 3TU/ftk/hr. up to 6 n ~ u r s  2 

Gr-..--' Julau  rans sport at ion: Pac!,:.:agkd: -65 t o  +163"F 

Pres  sure 

5 a;. 



3.4.3 

3.4.3.1 

3.4.3.2 

? 1 ,  3 I <  _.-. ,.- 

: *!!. 3.6 

Sustained Acceleration. - 2.67g v e r t i c z l  (X-axis) with 3.4g 
l a t e ra i  (Y, z axes). 

Eois t ing  Acceleratlon. - Two separate  conditions:  

a )  2.0 g i n  d i r e c t i o n  of  ho l s t ing  
5 )  2.67 g Ver t i ca l  (X-axts) :::tti 2.b g L a t e r a l  (r?omai 

. i o  X - a x i s )  

\ 

. . .  , 

I -  

I 



? a 
Lp 

' &  
Q' 
vi 

hi 
c 

3.4.4 

3.4.4.1 

3.4.4.2 

3.4.k.3 

- 
in l e i p e r a t u r e  - -2i"'F t o  ii@T a.-iDienz a i r  t e n p e r a t u r e  pl.i?s 
363 E.T.U./ft.2 h r .  solar r s 3 i e t i r j n  up m 6 hours Fer day .  

to protect  agafzst Tide1 leakage. 

i 
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4.0 General Environmental Conditions 

L.1.3 Rai i a t i s n  Cons lderat ions 

4.1.1 
c e a r  earth, c i s iuca r  arid near-lunar q a c e  s h a l l  be as ?resented below.(Ref. 16) 
Charged p a r t i c l e  rad ia t ion  s h a l l  n o t  be inves t iga ted  by subcontractors  f3r 
effects C)E equ iye r t t  design. 

Kuclear I i ad ia t im  - The rxc l ee r  r ad ia t ion  envi ronwnts  f o r  

a. Tra?Fed Radiation - 8ad:ation l e v e l s  i n  t h e  V a n  Allen 
acd ar t i f :c ia l  belts w i l l  us? p r ~ t o n s  and e l ec t ron  
f luxes obtalned f x n  the  hd3ax9 9 r b i z a l  Flux Code. 

b. Galr,ctic Ccsnic Rays - Galac t ic  zr,s;lic r a y  dcses ra2g.e 
- Yio2 7. 3.1 r a d  p e r  week fcir ss la r  a c t i v i t y  raximu.m tc: 0.3 

x f i  ;zr wee:: l o r  sr.Lar activlt;y. x i rLixx .  

P = z e r t i 5 . e  r i g l i i t , ! ,  xL i l i c2  v g l t s  

P = c h a r a c t e r i s t i c  r i g i d i t y ,  n i l l r o n  volts 
0 



The rigidity of a p a r t i c l e  i s  given by: 

Where Ze = p a r t i c l e ' s  charge i n  u r i t s  o f  electr3,n charge 
e.i.e., Z u 

= -1 f o r  protons and Z = -2 f o r  alphas e e 
T = par+,icle k ine t i c  energy, Ivkv 

XOL 
-2 = p a r t i c l e ' s  r e s t  nass energy, iviev 

M c 2 = 938.2 ;\lev f o r  protons; 
0 

n c Id C = 3727.1 f c r  alphzs 
0 

p I s  ~"^l, .^+"': . c L c C G i c u  in *:",e 3 y - e ~ ~ ~ -  r a g e s :  0 

13 Me-7 < T .(- 33 ~ e v  ami 39 ?,lev c T< 193 :.:ev - - -  



4.1.2. 
iapifiges 3n t h e  exterior of t h e  L.34 i n  l o g i c a l  conbination: 

. Themal  Radiation - The source o f  r e d i a t i o n  presented below 

L42 BTU/ft*,/hr 

73 BTi/ft2/hr 

419 3T?J/ft2/hr 

3 2.2 BTii/ft- /  h r  

6.35 

0.43 

0.047 

0.098 

0.073 

S A 2 nli i n e  

L.1.3 P r - t  e et ic r? C r f t  D ria 

\ 
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4.1.3.1 
ezergency dose and s i n g l e  a c u t e  ernergelley dose a r e  t o  be de te rn ined .  

Radia t ion  E q n s u r e  Lin?,i , t  - The n o z i r x l  b i o l o g i c a l  dose,  

4.1.3.2. 
pa-agraph 4.1.1 s h a l l  be eva lua ted  and mter ia is  selected wherever Doss lb le  
-7h. H , r ; ~ h  a r e  unaffec ted .  
a a l f u n c t i o n  due t o  r a d i a t i o n  exposure, a:: e v a l u a t i o n  must acco~::sfiy t h e  re- 
q u e s t  t o  :.iSC f c r  apprg7.-sl o f  t h e  mater ia l .  

Materials - The e f f e c t s  o f  e x p s u r e  t o  t h e  S d a r  % e r t  o f  

Where materials aust be ased which d e t e r l o r a t e  o r  



4.1.7 



4.2.3 14eteo ro id Considerat ions 

4.2.1 



PAGE 30 

- The y e s s u r e  o f  t h e  ex c ed 

. ,  ' . . .  < .  
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4.3.4 
v a r i e s  considerably the  foIlowir,g engineering design m d e l  w i l l  be used i n  
c3nfiguring t h e  landing gear: 

LacZiiiR S r t e  b g i n e e r i n g  Design Model - Since t h e  luna r  sur face  

Ref. 16 

( a )  The touchdown p o i n t  a t  t h e  landing s i t e  i s  considered t o  
be a c i r c l e  having a r a d i u s  of 10 xe te r s .  
s i t e  i s  considered t o  be an area of about, 13 sa_. k i loxe te r s .  

The surface consis ts  bti? 3f h i& Poros i ty  za te r ia l  ( e i t h e r  

and a structurally cotnpetent nater ia l . .  A combislnation of 
these n a t e r i a l s ,  vh3se escer;t ial  pmGf'-rt . ies are described 
i n  s t e p  (c) aca (i>, z a - ~  prc.?u:e E teterogeY.eous surface 
wfiich does not Exreed t h e  sFec l f lca t iQns  l i s t e d  steps 
( a )  t i r o u g h  ( g ) .  

The landing 

(b)  
. ' a  cohesive o r  noncohesive aggregate) of var iab le  thickness  

G R U M.M A N A ! R C R A F T  E N C- ! N E E R I N G C 0 P P 0 P A T  I 0 N 
CODE 16512 

- 
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.4 Humn Tolerance Limits 

.4.1 
h a l l  be 7.6 
igure  11 Ref. 16. 

.4.2 
e 73'F nininiua and 80°F xaxinm. 
ented i n  Figures 15 and 16 respect ively R e f .  16. 

Carbon Dioxide - The carbon dioxlde p a r t i a l  pressure norninai l i m i t  
of  Hg maxim% The exergency l i x i t s  shall be as indicated i n  

- 
Cabin T e q e r a t u r e  - The cabin tenperature  non-stressed limlts shall 

The s t ressed  and emergency l i m t t s  are pre- 

Cabin Relative Huqidity - The cabin reiative hu! id i tv  non-stressed 
The s t r e s sed  and _ -  

.4.3 
ixits s h a u  ne -2 Fercect  ralnimm and 73 percent naxixuii. 
mergency l i m i t s  s h a l l  be as indicated i n  Figures 15 and 16 respec t ive ly  of I3ef.X 

r::-(.,<r+=C>^ r-? L . J l . 6  - U A c L L L ~ I  -  ne vLbration s t ressed ,  ncn-stressed and energency l i x i t s  
i r e  to be, 6euernined. 

6.0 Weight and Balance - Table III. 
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Table I LIDf Missign Tine ( L )  
Ncmal  Mission and 
Min./Max. Missions 

! (Mtnute: 
1.1 Space Vehicle PreiaLznch Posi t ioning - - 1 1 n 1 4  I 

- “ “ I *  

1 

1 3.. 2 Prelaunch Checkout a l l  ‘ No ne 25,90931 ! 

I i 2,233x f 
2. Launch and E a r t h  Ascent 12Y 12/12 

4. T rans lumr  In j ec t ion  5i.1 5/  5 
15M ; 1O/330 

6. IAans~o~ition, Dock & J e t t i s g n  SIVB i 3 311 23,1303 

2-7 (Lauxch ~6 Traiislansr) 325‘”i * 

1.3 Launch Countdown . 

3 .  E a r t h  O r ; S i t  

5. 

7. 

- ___-__ 
, I1 I It  

11 

I t  11 

11 11 

rn *_ 11 

I Y ‘  1 8 3 ~  ! 60/270 

I n i t i a l  Coast - t o  t r a n s w s i t i s n  

11 

Continue Trars lunar  Tr ip  t o  LO1 - -- i Noze 1 3613M 36 33,1663: L- __I---_ A- _ _ _ _  - - .- 

, 1 6L. 3H 
-_--- ~ - -  

..... 

.. .... ... -. .. 

l9 -25  
.. .- 

. ~. 

. ............. 

............ . . .  . . . . . .  
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~~~ 

(Table I Continued) 

4. Ascent Engfne Operating Time 
( Including (60 )  seconds prelaunch 
ch2ch) ( ~ u t y  cycie t i n e  i n  engine 
spec. = 525 see.)  
A?sxximz+e total LEN l i fe t i rne f m m  launch 

( IncludinglD. 5 hx o r b i t  contingency) 7.1. 

R = Xiours 

(L.) 
= 170 hrs. 

Days 
(M.P.) Mission Piiase M = Minutes 

8.8M 

, 
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Notes: 1. 

2.  

3 .  

4. 

5. 

6. 

7. 

8. 

. 

TAJ3m I1 

KISSION h E L S  . 

ENvIR9LdXI'JTAL &TI) LOAD COXEDITIONS 

Factors  of s a fe ty  8 re  n o t  i n c l u k d  i n  the  l e v e l s  spec i f ied  h e r e i n .  

8. 

b. Ground Equipment ref. 3 . k  

m / o r  ind iv idua l  items ref.  3.2 
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MISSION LEVELS 

( a )  Pre-Launch - Packaged 

Acceleration: ( n s )  

1.0 g v e r t i c a l  

G R U M M A  N A I R C  R A F T  E t.i G i hc E E R i & G C 0 P P 0 8 A T  IO N 

CODE 26512 
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(a) Pre-Launch - Packaged (Contid) 

P re  s sure : 

Gro:md Trszspcr'Ation m d  storage: 

A i r  Transportation: 

Ground Transporktion: 

A i r  ?ran cpor  ta t i e n  : 

min. of  11.78 p s i a  

min. of 3.45 pria f o r  8 hrs. 
(35000 ft. alt) 

. .  
. .  " .  . .  

- -. - - - - 2 d - L  - 
REPORT FLRM C318 REV 1 8-64 QB 1432 

--, - ..c I. - - 1 z 7 - - . -  

G R 11 M M A  N A I R C R A F T E N G I N E E R I N G 
C03E 26512 

j - L ~ - . 7 ,  DATE _, .L' 191-5 2 c  ,_ j _  i L L A X L  -1103 
C 0 R P 0 B A T  I O  N 

I .  





Acce le ra t ion  : 

F r e  s sure : 

Tempe r a t u  TC : 

. . .  

i 
i 
i 
i 

i 
i 

i 

I 

I 

I 

I 

t 



_ .  
WLE I1 

R a i n  

Salt Fog !nc> S m e  irs pre.i_aunch yackaged 
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( e )  Launch and Boost C-5 

Accelerat ion (2)  2 r R & / S ~ c ~ 1  g Z !Rad/Sec 

L i f t  O f f  Condition 1+1.60 
Max. p Condition(S-1C) 
Boost Condition (S-1C) 
cot Cjff cj~~di;: icn (s-IC) 
Engine Hardover (S-11) 
Engilze Harchver (S-11) 

II 

Earth Orbi t  -- 

: i  
2.40 - - ~i 
5.65 1 - 
5-39 
5.10 
5.13 

0 , o  

Vibration: 
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For design purposes the  above random 
s p e c t r m  applisd for f i v e  min. a long  
each o f  t h e  three w t u a i l y  per-pend. 
axis  X, Y esd Z when applied i n  
additim $2 the  corresponding s lnu-  
s o i d 2  s ~ ' 2 z t r c a  a z t h g  for five seconds 
a t  t h e  2a:zral f'rsquescy o f  the eqliip- 
ment FJe'_rg ieai;yr,e-? :<:I1 aiieqda%ely 
r e p r e s e z t  the eriv4 L ~ C P E P ~ ~ .  

I 
1 
i 
: 
i 

1 
f 

i 

i 

I 

! 
t 
i 
1 
! 
i 
I 

1 

I 

i 
1 

I 

! 
I 

I 

! 

! 
I 

I 

: 
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EMS 147a  

TABU I1 

. MISSIOiJ I,ZV?iLS 
-- 

( e )  Launch md Boost C-5 (Continued) 

P.cousf;ics : 
(sound y e s s u r e  levels ' 
in d. b. e::tern:tl to 
m4) 
- ( re  . .OOO~ w e s / a  ) 2 

Trccs-ui-e : 

Octzve B a d  
(C?.) 

c5 at L Y .  g 
Level (db) 



I 

I 
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(e) Lunar Descent - (Cont'd) 
Vihraticn: (-3) To i!escel?t Stage Eguip. Suppclrt 

15 to 133 cps 
-100 to 175 cps 
175 t o  2303 cps 

.031 g2/cps 
6 db/octave decrease: 
.010 g*/cps 

PPme E f f e c t s  : 

?r$sssre: 

C RU N . k  A N P. ! R C R A f 7 E ).i C i N E E R : N G C 0 R P 0 B A T  I O N  
CODE 26512 
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-5 - Accelerations: 

I cond. - at rest L/L 



.-.-- . . . . . . . . . .  .. 

Pres sure  : 1 .  

k ,c , 
, *" 
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( g )  Lunar Ascent - 
Pressure:  

-12 1 x 19 
4.8 t o  5.8 p s i a  control led cabin 
7 i 

5.8 psiz t o  lO-9-3: Hg uncontr3lled cabin 

m Hg vacuua (Space) 

13-13- .a ~g vacuuz1 (B Ascent s t age )  

sm.3 ena D2s-L: 

Rad t a t  i c n  : 

c 

" 
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